Enhanced expression of heat shock proteins in gradually dying cells and their release from necrotically dead cells.
Heat shock proteins (HSPs) have molecular chaperone functions in protein biogenesis as well as cytoprotective functions against deleterious environmental stresses, and they work mainly inside of the cells. HSPs are usually induced in living cells that have been exposed to mild stresses or have recovered from severe stresses. Here, we show the enhanced synthesis of HSPs in gradually and necrotically dying cells that were treated with a high concentration of acrylamide (10 mM). This treatment caused irreversible cell death. The synthesis of HSPs, which was enhanced before cell death, was mediated by the activation of heat shock transcription factor 1 (HSF1); that is, the treatment led to the phosphorylation of HSF1, formation of characteristic HSF1 granules in the nucleus, and acquisition of DNA binding ability of HSF1. The induction of HSPs by acrylamide treatment was dependent on the consensus sequence of heat shock element (HSE) as demonstrated by a reporter assay. Also, several HSPs (Hsp90, Hsc70, Hsp70, Hsp60, Hsp47, Hsp40, and Hsp27) were detected outside of the cells after the treatment with acrylamide, indicating that these HSPs are released from necrotically dead cells. These results suggest that when cells are slowly and irreversibly dying, they augment the expression of HSPs and release them outside of the cells as a danger signal or dying messages.